The n a t u r a l l y o c c u r r i ng mod i f ied nucleos ide 3-[3-amino-3-carboxypropyl ] -l -m e t h y l pseudouridine (abbreviated amf) is found in e u k a r y o t i c 18S rRNA. We l o c a l i z e d amY to sequence r e s o l u t i o n in D. melanogaster 18S rRNA. This hypermodified base causes an absolute stop in cDNA e l o n g a t i o n . The RNA sequence bearing ami 1 was determined by dideoxysequencing w i t h reverse t r a n s c r i p t a s e . The rDNA coding f o r t h i s part o f the 18S rRNA was sequenced by the Maxam-Gilbert method. Together these two sequencing methods can be used to p o s i t i o n the cDNA stop 
INTRODUCTION
The hypermodified nucleoside am* has been found in a l l e u k a r y o t i c 18S rRNAs f o r which i t has been examined, i n c l u d i n g Chinese-hamster
( 1 ) , Hela, yeast ( 2 , 3 ) , sycamore (k), r a t , and chicken ( 5 ) methionine was detected by HPLC and t e n t a t i v e l y i d e n t i f i e d as amfp.
The s t r u c t u r e s o f ami" and the c e l l u l a r methyl donor, S-adenosyl methionine (SAM), are shown i n Figure 1 . Saponara and Enger discovered am* in Chinese-hamster 18S rRNA as a hypermodified base which is u n i q u e l y labeled in c e l l c u l t u r e by [ 2 -l l ( C ] methionine. They suggested t h a t at l e a s t three enzymes are necessary t o p o s t -t r a n s c r i p t ional l y convert u r idine to ami 1 and t h a t the methyl and 3-amino-3"carboxypropyl donor i s SAM. The s u l f o n i u m ion o f SAM a c t i v a t e s both of these groups f o r donat i o n ; however, donation o f the 3-amino-3-carboxypropyl residue t o rRNA occurs o n l y once in the case o f 18S rRNA and not a t a l l f o r 28S rRNA.
SAM methyl t r a n s f e r a s e reactions occur much more f r e q u e n t l y , a t o t a l o f approximately 25 times in D. melanogaster 18S rRNA, most o f which are
' -0 -r i b o s e m e t h y l a t i o n s ( 7 ) .
Maden and coworkers (2,3) have found ami 1 in a l l o f the e u k a r y o t i c by c l a s s i c a l methods ( 9 ) . A more rapid method of l o c a l i z i n g some base modifications u t i l i z e s reverse transcr iptase, since the k i n e t i c s of cDNA elongation is sensitive to template base modifications which a f f e c t base-pairing (10) . N 2 -methyl guan ine (n^G) was detected in E. ooli 16S rRNA as a k i n e t i c pause w i t h a l i f e t i m e o f three minutes. Previously, the conservation of the 3 ' -t e r m i n a l m2
18S rRNAs which they have i n v e s t i g a t e d . They have evidence t h a t the b i o s y n t h e t i c pathway proceeds through 1-methyl-pseudour id ine and t h a t HO OH OH
A sequence was demonstrated by a cDNA stop (11) . In the case o f a base modification that a f f e c t s b a s e -p a i r i n g , the exact p o s i t i o n can be found by observing the k i n e t i c s of cDNA elongation r e l a t i v e to a dideoxy-sequence (10, 12) . With the exception of the 3'-terminal m2 HPLC. RNA digests were injected without f u r t h e r treatment on a 25 cm a n a l y t i c a l C18 reverse phase column (Altex, Ultrasphere), run at 1 ml/min w i t h 10 mM ammonium phosphate (pH 5.1) and step increases in methanol (from 2.5% to 10% at 20 minutes; from 10% to 20% at <(0 minutes). Sequencing the amf Stop. The rDNA clone pDmra56 (6) contains a 17kb rDNA t r a n s c r i p t i o n a l u n i t ( Figure 3 ) . There is one Eco Rl s i t e in the t r a n s c r i p t ional u n i t located approximately 230 bp from the 3'-end of the l8S rRNA. We have mapped a Sau 3A s i t e closer to the 3' end that is cons i s t e n t w i t h the known 18S rRNA (19) and a finer r e s t r i c t i o n map was made in order to "bracket" the stop. The cDNA reverse t r a n s c r i p t s primed w i t h f r a g - Figure 3 and the experimental data i s shown in F i g u r e h. Figure 6 . by reverse t r a n s c r i p t a s e . The sequence begins a p p r o x i m a t e l y 50 n u c l e o t i d e s from t h e 3'~end of t h e sense ( p r i m e r ) DNA s t r a n d (8% p o l y a c r y l a m i d e g e l , as in Figure 5) • 5' G G A A G G G C A C C A C C A X G A G U G G A G C C methionine-labeled compound (Figure 8d ) that has a r e t e n t i o n time ident i c a l to one o f the [CH3-3 H] labeled compounds. This modified nucleoside has a r e t e n t i o n time approximate! y one minute longer than pseudour idine and i s observed by UV absorption only at high s e n s i t i v i t y (Figure 8 c ) .
Random screening (14) o f 2h a m p i c i l l i n r e s i s t a n t colonies y i e l d e d 2 clones w i t h s i n g l e 275 bp inserts in opposite o r i e n t a t i o n s r e l a t i v e to

3'~proximal r e s t r i c t i o n fragment primers extend up t o an absolute s t o p , but p r i m e r s w i t h 3 ' -0 H ends past t h i s p o i n t can be extended to the end o f t h e t e m p l a t e . Conditions f o r r e v e r s e t r a n s c r i p t i o n and k i n e t i c a n a l y s i s o f cDNA e l o n g a t i o n assayed by a l k a l i n e agarose gel e l e c t r o p h o r e s i s have been p r e v i o u s l y d e s c r i b e d ( 1 0 ) . The d i s t a n c e o f the Sau 3A and Eco Rl s i t e s from the 3 ' terminus has been p r e v i o u s l y determined ( 2 3 ) . merits I , I I , I I I and IV a r e summarized in
We conclude t h a t the 3 ' -e n d o f primers I I and IV a r e to the 3 ' " p r o x i m a l side ( i n the RNA sense) o f the hypermodif i c a t i o n which is under fragment I I I . Primer I I was used f o r dideoxysequencing up t o t h e stop (Figure 5 ) -Maxam-Gi I b e r t sequencing s t a r t i n g a p p r o x i m a t e l y 50 bases from a 3'-end l a b e l on t h e sense s t r a n d o f the 275 bp Hind I I I fragment is shown in
Together these sequences p o s i t i o n the cDNA stop a t the 3 ' -C in the sequence GACUCA (see Figure 7 ) , which includes the H i n f I s i t e (GANTC) f o r the S ' -e n d o f fragment I I I . I t a l s o i n c l u d e s a sequence i d e n t i c a l t o the
of primer I I I (an e f f ic i e n t p r i m e r ) e x a c t l y opposite ami 1 . T h e r e f o r e , t h e mechanism o f the r everse t r a n s c r i p t a s e stop involves the i n a b i l i t y o f monomer dATP to base-p m Figure 't. Reverse t r a n s c r i p t s primed w i t h r e s t r i c t i o n fragments ( I , I I , I I I , IV, see Figure 3) which b r a c k e t the s t o p . Primers were 3 ' -e n d l a b e l e d and s t r a n d s e p a r a t e d . Reverse t r a n s c r i p t i o n was from 0 , 5 , 15 minutes ( l e f t to r i g h t ) f o r each of the f o u r p r i m e r s . El e c t r o p h o r e s i s o f cDNA i s on a denaturing 8% p o l yacrylamide gel (8 H u r e a , 1/20 B i s , 50 nM T r i s -b o r a t e / p H 8 . 3 , 1 mM EDTA). A b b r e v i a t i o n s : P -p r i m e r , S -s t o p . p a i r and i n c o r p o r a t e i n t o the cDNA. I f i t were i n c o r p o r a t e d , as i t is in the f o r t u i t o u s case o f
t r i c t i o n fragment ( I I ) was annealed to embryo 18S rRNA w i t h o u t p r i o r strand s e p a r a t i o n . Dideoxynucleoside t r i p h o s p h a t e (ddNTP) c o n c e n t r a t i o
A n a l y t i c a l paper el ectrophores i s of this compound indicates that i t is a n u c l e o t i d e . Mechanism of the am¥ cDNA Stop. Reverse t r a n s c r i p t s from 3'-proximal primers stop one base before amf ( Figure 10 ). This should be contrasted t o the Hinf I r e s t r i c t i o n fragment I I I which is an e f f i c i e n t primer (Figures k and 10) . A f t e r 3'-end l a b e l i n g by " f i l l i n g in the s t i c k y end" of the Hinf I s i t e (GANTC) w i t h one dATP, t h i s primer hybridizes t o the rRNA such that the 3 ' -t e r m i n a l adenosine is e x a c t l y opposite amf. This suggests t h a t the blocked step in cDNA elongation a t amf involves base- Complementary DNA synthesis by AMV reverse t ranscri ptase stops one nucleotide before amf; however, 3'-end labeled r e s t r i c t i o n fragment I I I is an e f f i c i e n t primer.
This suggests t h a t the blocked step in cDNA polymerization involves the base-pairing of monomer dATP w i t h am¥; see t e x t . By the reverse t r a n s c r i p t i o n assay, the former is an absolute stop and the l a t t e r is a k i n e t i c pause s i t e (10) [CH 3 -3 H] SAM and [2-11( C] SAM labels would be t r a n s f e r r e d to the RNA t r a n s c r i b e d from pDmdyl9 by N-l-methyl pseudouridine transferase and N-3( 3-amino-3-carboxypropyl)-pseudouridine t r a n s f e r a s e , r e s p e c t i v e l y .
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